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ABSTRACT
In the current era, there is a requirement of a system with connected devices, persons, time, places, and networks,
which is completely incorporated in what is called as Internet of Things (IoT). IoT is developed toward making the
objects smart and connectable using recent development in miniaturizing and communication technologies. IoT can
change the way human being live their life by making it their more convenient and smart. IoT has wide application
domains one of them is healthcare. Healthcare is one of the application domains in IoT that draws enormous interest
from industry, the research community, and the public sector. The development of the IoT in Health will greatly
facilitate the process of patient’s diagnosis and monitoring, with small IP-based wireless sensors implemented on
the patient's body, his physiological parameters, such as blood pressure and heart rate, can be monitored remotely
and continuously.
Over these years a number of advanced applications based on IoT have been proposed for the convenience of
patients, doctors, and caregivers in the healthcare sector. In this paper, a review of IoT usage in healthcare has been
presented. This systematic literature review has been conducted to determine the main application area of IoT in
healthcare, most important technologies in IoT, related monitoring devices, and applications. Forty-four relevant
papers, published between 2010 and 2021, were reviewed and analyzed. The results of this research improve our
knowledge about IoT technology in the health sector and also encourage innovative use cases of this new technology
in the health field.
KEYWORDS
Internet of Things, Healthcare, architecture in Healthcare, technology in Healthcare, applications in
Healthcare

1.

Introduction

The Internet of Things (IoTs) can be described as connecting everyday objects like smart-phones, Internet TVs,
sensors and actuators to the Internet where the devices are intelligently linked together enabling new forms of
communication between things and people, and between things themselves [1]. Internet of things (IoT) reflects the
concept of connecting a set of anything, anywhere, anyplace and anytime for any service and through any network.
Due to increase in embedded IoT devices in different objects, IoT has become increasingly widespread [2]. It allows
devices to become smarter, stronger, more effective, and available in the future [3] [4]. This network is currently
used in a variety of fields, such as manufacturing, banking, government, transportation, agriculture and, particularly,
in healthcare system [4] [5] [6].
Today, thanks to widely available technologies such as communication technologies and smart mobile devices, IoT
has become one of the hottest topics in all sub-fields [7] particularly in healthcare, with an estimated 40% of all IoT
devices expected to be involved in healthcare by 2020 [8]. Due to the large size of the healthcare sector, it is difficult
and costly to provide healthcare services for the patients. Today, IoT, as one of the most commonly deployed

innovation in e-Health, has decentralized healthcare services from healthcare centers to lateralized locations such
as homes and workplaces [9]. Since the IoT affect the whole life sectors it’s important to introduce the automation
in nearly all fields especially the fields that affect human life directly. The IoT provides perfect solutions for wide
range of applications such as smart cities, telemedicine, security, emergency management, industrial automation
and control, health care, environmental studies and logistics [10] [11]. Medical health care and telemedicine
represent the most important and attractive field for applying the IoT [12] [13].
Modern medical care measuring devices such as blood pressure monitoring devices, blood glucose level monitoring
devices, weight and motion sensors, and various wearable devices incorporate diverse communication skills.
Basically they can create IoT networks that are implemented for home telemonitoring so that patients can be treated
remotely or make the medical personnel aware of the patient condition regardless of the patients location [14]. As
depicted in the Figure 1 recent IoT healthcare trends, healthcare networks powered by wireless technologies are
expected to support real-time monitoring, emergency care, early diagnosis, an ailment of chronic diseases [15].

Figure 1: Recent IoT healthcare trends

Healthcare services based on IoT as a whole are expected to reduce costs, amplify patient care, and enrich the user
experience [16][17].
This paper is organized as follows. The second section, showing the research methodology, in the third section is
IoT in Healthcare, in the fourth section, applications of IoT in Healthcare is given. Finally, the fifth section will be
summarized the conclusion.

2.

Methodology

In this paper review, are taken into consideration the studies published between 2010 and 2021 in major online
scientific databases, including Google Scholar, IEEE Xplore, Web of Science, Scopus, Elsevier, and Research Gate.
The keywords used were IoT, Healthcare, and application in Healthcare. Thus, 44 documents including articles,
books, and web pages were finally selected based on specific inclusion/exclusion criteria.

3.

IoT and healthcare

The reliance of healthcare on IoT is increasing by the day to improve access to care, increase the quality of care and
most importantly reduce the cost of care [18]. Personalized healthcare is based on an individual’s exclusive
behavioral, biological, social characteristics. This leads to superior outcomes with making healthcare cost-effective.
A supportable service focuses on the early disease detection, and homecare rather than the exclusive clinical one.
IoT can handle the care personalization services and can preserve a digital identification for every individual.
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Various equipment are used in healthcare, to communicate and to make the omnipresent system-of-system [19].
The classifications of IoT based personalized healthcare systems are Clinical care and Remote monitoring [20].
3.1 Clinical care

Clinical care employs noninvasive monitoring IoT systems for hospitalized. This clinical care system uses sensors
for collecting physiological information that to be stored and analyzed using the cloud. It delivers a continuous
automated information flow, which improves care quality at a lower cost [18].
3.2 Remote Monitoring

There are people all over the world whose health may suffer because they don’t have ready access to effective health
monitoring. But small powerful wireless solutions connected through the IoT are now making it possible for
monitoring to come to these patients instead of vice-versa. These solutions can be used to securely capture patient
health data from a variety of sensors, apply complex algorithms to analyze the data, and then share it through
wireless connectivity with medical professionals who can make appropriate health recommendations [18].

Figure 2: Remote patient monitoring [18]

4.

Applications of IoT in Healthcare

In this part, we introduce several applications that are designed to give support to human and especially in the fields
of health. According to reports submitted by P&S Market Research, there will be a compound annual growth rate
(CAGR) of 37.6 percent in the healthcare Internet of Things (IoT) industry between 2015 and 2020. If one thing is
certain, IoT has transformed healthcare in a variety of ways over the past several years and will continue to do so
for years to come. [21].
Here are the IoT applications in healthcare:
4.1. Implantable Glucose Monitoring Systems

Diabetes is one of the most common disease affecting humanity. It is expected that by 2040, 1 in 10 adults will be
diabetic (World Health Organization (WHO). Global Report on Diabetes 2016; WHO: Geneva, Switzerland, 2016).
It causes the blood glucose concentration to increase (hyperglycemia) or decrease (hypoglycemia) due to improper
levels of insulin hormone produced by pancreas.
Patients who suffer from diabetes can have devices with sensors implanted in them, just below their skin. The
sensors in the devices will send information to a patient’s mobile phone when his or her glucose levels get too low

3

and will record historical data for them too. This way, patients will also be able to tell when they are most likely to
be at risk for low glucose levels in the future, as well as in the present. [22].
4.2 Activity Trackers During Cancer Treatment

Usually the right treatment for a cancer patient relies on more than just his or her weight and age. Their lifestyles
and fitness levels also play a huge role in what the proper treatment plan for them will entail. Activity trackers track
a patient’s movements, fatigue levels, appetite, etc. Plus, the data collected from the tracker prior to treatment and
after treatment has started will tell healthcare professionals what adjustments need to be made to the recommended
treatment plan [23] [24].
4.3 Heart rate monitoring

Patients can wear devices that monitor their heart rates, and that can determine whether they have high blood
pressure. Healthcare providers will have access to reporting of patient’s heart monitor data when they need to pull
it during checkups and exams. The wearable devices can even alert healthcare professionals when patients are
experiencing arrhythmias, palpitations, strokes, or full-blown heart attacks. Ambulances can then be dispatched in
a timely fashion, which can be the difference between life and death.
Heart rate monitoring, where the biometrics of each patient are independently monitored using specific threshold
settings. Such monitoring system records the ECG Heart rate variability and reliability, respiration rate, activity
level of the heart, body position. In addition, the vital signs such as the weight and blood pressure are remotely
monitored using supplementary devices in conjunction. Generally, the heart rate monitoring system reports the
rhythm to realize the cardiac role of impenetrable symptoms. Arrhythmia medication therapy is a further clinical
applications the cardiac monitoring remotely at home or in the hospital [26].
4.4 Medical Alert Systems

In recent times, it has become necessary to have a system that constantly monitors a patient’s heartrate and body
temperature autonomously and then send an alert when readings are out of range to ensure healthcare is always
provided on time. People are dying from heart related diseases like coronary heart disease, congestive heart failure,
heart attack, and congenital heart disease especially the aged who need 24 hours monitoring [27]. Body temperature
is a vital sign that medical professionals measure to help them determine the condition of their patients [28]. Medical
Emergency Alert System (MEAS) is a wearable device that monitors the user’s heart rate and temperature
anywhere. Temperature sensors and pulse sensors are used to measure the respective values and display them on a
screen for the user to see. These values are also sent to an application on an android device via Bluetooth and an
alert is sent to confidants when measured values are abnormal [29].
4.5 Ingestible Sensors

An ingestible sensor or smart pill is one of the latest applications of IoT in healthcare. By using this technology the
medication ingestion and adherence patterns of a patient and other useful health metrics can be measured. Non
adherence with medication is a very complex and multidimensional healthcare problem which could result in
significant complication and deterioration of patient health. This technology includes a system for detecting
ingestion of a tablet or capsule. The system includes ingestible sensors embedded in tablets, a small wearable sensor
patch, a mobile application and a portal. Once the pill reaches the stomach, a signal is transmitted, which is received
by the sensor patch attached to human body. The signal is converted to digital record and then sent to the mobile
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device of the patient and then to the cloud system where the doctors and caregivers can access the medical data
using their portals [30].
4.6 Medication Dispensers

Medication nonadherence is a serious public health issue with the increase in chronic diseases [31] [32] [33]. To
improve patient adherence, medication dispensers are often proposed [34] [35]. A medication dispenser is a device
that delivers medication to the patient according to predetermined schedules; it is considered a very efficient device
of improving medication adherence [36] [37].
Devices can now be implanted in a patient that dispense medication in steady doses throughout the day. Patients
will be notified when they need to refill their medications. Doctors can also be informed of missed doses during
routine visits.
4.7 Asthma monitor

Now there are wearable intelligent asthma monitors intended to identify the signs of an asthma attack prior to its
onset, helping to handle it until the attack gets worse. Asthma Detection and Monitoring (ADAM) is an example of
this type of Asthma Monitor [38] [39].
4.8 Blood pressure (BP) monitoring

For the moment, several IoT Healthcare based devices, wearables capable of measuring blood pressure, are
beginning to be offered on the market, offering the possibility of monitoring BP every time and everywhere [40]
[41].
These devices encompass high-precision blood pressure monitoring, automatic wireless synchronization with your
smartphone, compatible with heterogeneous smartphone operating systems, instantly sharing results with friends,
family, or doctor, tracking physical activities and daily diet as part of your overall health.
4.9 Oxygen saturation monitoring

Blood oxygen saturation (SpO2) is one of the vital parameters of survival that is potentially used in patients, and
newborn health monitoring, etc. [42].

4.10 Fitness Applications

Fitness, an application field helpful for a huge market interested in exercising, provides immediate performance
feedback about an individual’s heart rate, body temperature, oxygen uptake, and aerobic and anaerobic exercise
[43].
There are various fitness products on the market which calculate exercise, steps and other data [44]. Therefore,
connected objects that make self-tracking possible during everyday life will improve the fitness and physical
wellbeing of individuals.

Conclusions
In this paper, a review on IoT usage in healthcare has been presented. The article presented a review of the latest
IoT based healthcare applications. IoT in healthcare is one of the most noteworthy technology trends. IoT has
potential to change the way of human living standards especially from the healthcare point of view. Healthcare
driven IoT systems thus has the potential that would allow healthcare providers to give optimum quality healthcare
5

service to their customers also predict their health problems at early stages reducing mortality rates. In the long
term, the deployment of IoT in health can improve productivity, enhance the quality of life, and contribute to poverty
alleviation and overcoming health inequities.
This paper is a current review of the application of IoT technologies in healthcare and related monitoring devices
and applications. The results of this research improve our knowledge about IoT technology in the health sector and
also encourage innovative use cases of this new technology in the health field.
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